This study aimed to evaluate the root crop digger for digging of the potato crop at the farmer's field. The digger was tested at three levels of forward speeds (2.3, 2.8 and 3. . The experiment was replicated three times for the performance parameters of exposed,undug, cut, bruised percentage and the digging efficiency. The best performance of the digger was obtained at forward speed 2.3 km h -1 and blade angle 23 0 for potato crop at which the exposed, undug, cut, bruised percentage and the digging efficiency was found to be 90.62,2.10, 1.71, 2.48 and 97.90 per cent, respectively. About 54% savings in cost of digging could be achieved using digger compared to manual digging involving labour.
Introduction
The contribution of potato (Solanumtuberosum L.) to India's economy is manifold. Potato has excelled as the principal crop by registering higher growth rates during the last four decades. Potato, a horticulture crop, is widely acceptable and hence provides flexibility in production. Potato plays an important role in human nutrition. It is rich source of starch, vitamin, minerals and proteins. It contains carbohydrates (81.70%), protein (8.5%), fat (0.4%), water (7.0%), ash (4.1%), and 349 calories on dry weight basis. 1 The estimated area planted in India for potato in 2016-17 was 2164.10 thousand hactare and with a production of 46545.60 thousand metric tonnes. In Haryana, potato was grown in an area of 36.29 thousand hectares and production was964.80 thousand metric tonnesduring the year 2016-17. 2 The sowing operation of potato is carried out by the potato planters, but the harvesting operation is carried out manually with spade or hand hoe, which is tedious, labour intensive and time consuming. It is estimated that 700 man-h ha -1 are required for manual harvesting of the potato crop. The percentage of potato damage due to cutting action of spade or hoe is sometimes significant which reduces its market value and storability. About 10% of the tubers are cut or bruised during manual harvesting. 3 There are potato diggers available in the local market and mechanical harvesting of potato saves approximately 65% and 45% of time and cost, respectively as compared to manual digging. 4 There is no doubt that the use of digger will continue to extend as labour problems. Moreover, the farmers cannot afford to buy independent digger for each crop. Therefore, it was proposed to evaluate the root crop digger which was designed to dig different crops namely potato, onion, carrot, turmeric, garlic etc. This study aimed to evaluate the root crop digger for digging root crops, separating and transporting them with minimum losses, mechanical damage and cost.
Materials and Methods
The test was conducted at farmer's field. The tests on experimental root crop digger were conducted in crop potato. A variety of potato crop for testing was Chandermukhi.
of high carbon steel material, diameter 500 mm and thickness 5.5 mm is mounted on both side of the digger for easy penetration in the soil. While testing, the root crop digger was installed on level ground. The machine was run at no load to ensure that each component of the digger was working properly.
An experiment was conducted according to the plan of the experiment indicated in Table 1 . For each test, three replications were taken at each combination of the variables. The following performance parameters were determined to evaluate the root drop digger.
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Exposed Potato The exposed potato was calculated to know how efficiently the oscillating conveyor was able to separate the potato from soil. It was defined as follows Exposed potato, ... (1) Where, a is the total number of potato visible on the top surface of the soil after being digged by root crop digger b is the total number of potato digged by the root crop digger
Undug Potato
The undug potato was calculated to know how much of the potato remained undug. It was defined as follows undug potato, ... (2) Where, c is the total number of undugpotato/carrot/onion (digged manually after the operation of root crop digger)
d is the total number of potato/carrot/onion (digged and undug both)
Bruised Potato
Bruised potato required to know the percentage of bruised potato (skin comes cut) either by striking with soil clods or due to rubbing action while being Where, e is the total number of potato which are bruised
Cut Potato
Cut potato was calculated to know the percentage of potato which was cut by the digging blade. It was defined as follows Cut potato, ... (4) Where, f is the total number of cut potato by the digging blade
Digging Efficiency
Digging efficiency was calculated to know how efficiently the digger worked in digging the potato/ carrot/onion.
Digging efficiency, ... (5) Where, g is the total number of digged potato by the root crop digger the tractor in neutral position and this tractor was pulled by another tractor and the draft was measured.
Similarly the draft was measured, when the digger was in not working condition. The difference between the two readings of the dynamometer was taken as the draft of the machine. 
Digging efficiency

Draft
The draft was measured by using the dynamometer attached between the two tractors. The digger was attached to the tractor in lowered position and kept
Field Capacity and Field Efficiency
Field capacity and field efficiency of the machine was determined. Field capacity is the actual average rate of coverage by the machine, based upon the total field time. Field efficiency is the ratio of effective field capacity to theoretical field capacity, expressed in percent.
Cost of Operation of Root Crop Digger
The total cost of the root crop digger was determined based on fixed and variable cost. The cost of operation obtained was compared with conventional practice of digging by spade.
Statistical Analysis
In order to see the significance of results for exposed, undug, bruised, cut and digging efficiency; the data were subjected to statistical analysis at was significant at 5 per cent level of confidence by the analysis of variance programme. 
Results and Discussion
The field experiment was conducted at farmer's field in sandy loam soil of Haryana state during the year 2011-12. During the harvesting periods of the crops, the average moisture content of soil was 12.60 per cent and average bulk density of soil was 1530 kg/m. 3 Results of machine harvesting of potato crop at different blade angles and forward speeds, and influence of machine variables on different crop parameters are presented in Table 4 . The average value of the crop parameters at the time of digging the potato crop was shown in the table 3. 
Optimization of Machine Variables Exposed Potatoes
The mean values of exposed potatoes at different forward speed and blade angle are shown in Fig.1 and Table 3 . From Fig. 1 and Table 3 it can be seen that as the forward speed of digger increased from 2.3 to 3.3 km h . The influence of forward speed on exposed potatoes was significant at 5 per cent level of confidence. The values of exposed potatoes were non-significant for different blade angles. The interaction effect of forward speed and blade angle was also non-significant.The exposed potatoes were found to be 100 % by conventional method.
Bruised Potatoes
The values of bruised potatoes were non-significant at different blade angles and forward speed. The interaction effect of forward speed and blade angle was also non-significant. The mean values in Table 4 indicate that the minimum bruisness of 1.14 per cent was obtained at speed of 2.3 km h -1 and blade angle of 17 0 .
Undug Potatoes
The statistical analysis of data on the influence of study variables on the undug potatoes indicated that the undug potatoes were highly influenced by blade angle at 1% level of significance and speed at 5% level of significance. But the interaction of angle and speed was non-significant.The mean values of undug potatoes at different forward speed and blade angles are shown in Fig. 2 and Table 4 . From Fig.2 and Table 4 Table 4 , it can also be seen that as the forward speed of digger increased from 2.3 to 2.8 km h 
Cut Potatoes
The influence of forward speed on cut potatoes was significant at 1 per cent level of confidence. The effect of blade angle was also significant at 1 per cent level of confidence. The interaction effect of forward speed and blade angle was non-significant.
The mean values of cut potatoes at different forward speed and blade angle are shown in Fig. 3 and Table   4 . From Fig. 3 and , respectively.The cut potatoes were found to be 8.15 % by conventional method. , respectively. The digging efficiency was found to be 100 % by conventional method.
Draft
The draft of the root crop digger at blade angle 17 0 , 20 0 and 23 0 was 1000, 1050, and 1110kgf, respectively. The field capacity and the field efficiency of root crop digger wereobtained 0.21ha h -1 and 65 %, respectively. The fuel consumption was found to be 4.75l h -1 .
Cost of Operation
The operating cost of digging by both the methods i.e. digging by root crop digger and digging by conventional was Rs. 224.16 and 15625 per hectare, respectively. The saving in cost of digging by root crop digger was Rs. 8384 per hectare. Decrease in cost of digging by root crop digger was found to be 54 per cent in comparison to conventional method.
Optimized Values of Blade Angle and Forward Speed for Potato Crop
The treatment T 3 may be considered as best optimized value for performance of the root crop digger for potato i.e., forward speed 2.3 km h -1 and blade angle 23 0 .
Conclusion
The per cent of exposed potatoes, undug potatoes and cut potatoes increased with increase in forward speed of root crop digger but the digging efficiency decreased with increase in speed. The per cent of exposed potatoes, undug potatoes, cut potatoes decreased with increase in blade angle of root crop digger. But the digging efficiency increased with increase in blade angle of root crop digger. So, the above study revealed that the forward speed 2.3 km h -1 and blade angle of 23 0 is selected best for operation of the digger in the field for potato crop.
